This study assessed functional brain activation in rats during expectation of visceral pain. Male rats were trained in step-down passive avoidance (PA) for 2 days. Upon stepping down from a platform, conditioned animals received noxious colorectal distension delivered through a colorectal balloon, whereas the balloon in control rats remained uninflated. On day 3, PA behavior was assessed while [
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This study assessed functional brain activation in rats during expectation of visceral pain. Male rats were trained in step-down passive avoidance (PA) for 2 days. Upon stepping down from a platform, conditioned animals received noxious colorectal distension delivered through a colorectal balloon, whereas the balloon in control rats remained uninflated. On day 3, PA behavior was assessed while [
14 C]-iodoantipyrine was infused intravenously, followed by immediate euthanasia. Regional cerebral blood flowrelated tissue radioactivity (rCBF) was analyzed by statistical parametric mapping using 3-dimensional brains reconstructed from autoradiographic brain slice images. Associated with retrieved PA behavior, conditioned rats compared with control subjects showed increases in rCBF in sensory (anterior insula, somatosensory cortex), limbic/paralimbic regions (anterior cingulate, prelimbic cortex, amygdala), all regions previously reported to show activation during acute visceral pain. Increases in rCBF were also noted in the dorsal hippocampus, nucleus accumbens, and caudate putamen, regions associated with retrieval of PA. Organization of the underlying brain network was further delineated by functional connectivity analysis. This revealed in conditioned rats a strongly and positively connected corticostriatal cluster (cingulate, prelimbic cortex, caudate putamen). The amygdala and cerebellar hemispheres formed another positively connected cluster, which was negatively connected with the corticostriatal cluster, suggesting corticolimbic modulation. Prelimbic cortex, nucleus accumbens, and anterior insula emerged in conditioned animals as hubs. Our results show that during retrieval of PA, brain areas implicated in PA expression as well as those implicated in acute visceral pain processing were recruited, in line with findings from human brain imaging studies on pain expectation. Ó 2011 International Association for the Study of Pain. Published by Elsevier B.V. All rights reserved.
Introduction
Symptom-related anxiety and maladaptive coping (e.g., catastrophizing, worst-case assumption of pain outcomes) play a prominent role in the pathophysiology of persistent pain disorders, including irritable bowel syndrome (IBS) [8, 28, 67] . Importantly, expectation of pain established through associative learning can lead to affective responses similar to that evoked by acute pain, as well as coping responses that modulate subsequent pain perception. It has been hypothesized that while the effective coping responses in healthy people involve activation of a corticolimbic-pontine inhibitory network that inhibits pain perception, failure of this inhibitory mechanism may contribute to hyperalgesia in persistent pain disorders [5, 35, 56, 62, 71] .
In light of the critical involvement of erroneous outcome predictions in chronic pain disorders, an increasing number of human brain imaging studies have focused on understanding the neural substrates of pain expectation. Many of the general brain regions activated during acute pain are also activated in expectation
